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BREPEEENT AL INVESTIGATION O Thi DEVEFRINATION OF THE

SUTPACK LRGION OF LIOIDS BY THE MAXTMUM rFRUSURE FOR

ThE VPOMIATION OF BULBLES

Be Ya. Teyiel'baum,
Lab of Fhys sne Colledd Chenm
of fostev itate U imend V. 4, ieltav

Submitted 25 March 19,7

The method of measuring surface tenaion at the liouid-gas baundary by
the maxlmwa presanrc fer the farmstion of bubbles is bosd d on the well=lmown
laet that when gas (air) pasaes slewly threugh the 1linuid under Llavestigation
in the form of se arate bubbles, the nressure of the pas 18 determined by the
amount of surface tension al the linuid ZI, 37. (As 8 curiosity, let us point
out thai in the fussian edition of Fizicheskaya Khimiya by Getman and Doniel's
(Vol XTI, 1941), the editor ot the translation stales in s nole taot the
Py Av Tebinderts method wug hased "on a comparison of the rates of bubbling
the alr through Lhe fluld Ledng tested and u standard tluid"),

In Rebinder's apparatus Z_3_7, bagsed on this melhod, air instead of bheing
forced through the capillary oveningt, was sucked out of the space over the
limuid, ‘The tip of the capillary came in contact only with its surface,

The surface tension ls calculated from the relation:

'G- " A pmax

The value of A (the "tip constant®) is determined from measurements of
Prax for a standard fluid; pmax is most conveniently measured in the.cédlumn
heights of a fluid poured into a manometer, for example in centimeters of a
toluene column, The tips used in the work have openings of the order of

0.s1=0,05 mm which widen upwards immedlately beyond the capillary opening.
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Te ebtein a reliable value fer & , a slow passage ef air is reeuired,
espeeially in the case of viscous solutions., Creal velocitles are feasible
net only because ef tne incemplete attalnment of the adsarption equilibrium
in the gelitiens, but also because proups of two te three bubbles rather
than single ones were fersed, and 1t was diffieult te make an aceursie re=-
eord with & menometer,

Certain improvements in the mothed were made by Prifenov /7 7. Figure
1 shews the diagrem ef Kebinder's apparatus as used in Irifenev's laborateries,
tiere I 48 & navrow “bufter! capillary; MK ie o miero=cock; M, the toluene
maneneter; F, Febinder's test tube; 0, a caleium ehloride tube used to dry
the alr; O, & "gonseneek" intreduced to eliminate the possibility of frae=
tlonating the vapor of ine solutlons inte the test tubes while lhe alr is
passing through thems In the grogseneck the alr passes aver the surface of
Lhe selution and becemes satirated with its vapors.

Our problem wag to @xplaln in what manner different constructional Lea=-
tures ol Lhe apparatus and erxperimentsl eonditions aflected the value obtained
for o

Iet us examine in detall the mechanism of bubble formation during chanpes
by the lebinder method. TFor the sake ol simplicity, instead of a capillary
of the sbove=mentioned type, we will use a capillary with a radius equal to
the radius of the tip, As the vacuum in the test tube is inereased the
meniscus level in the eanillary will drep until the meniscus hemisphere ex-
tends out into the liquid and a bubtle is formed., 4hen the vaeuum is further
increassd, the bubble becomes unstable end may break away under favorable
conditiong, for instance, 1f the capillary is bent in the Form shown in Fig-
ure 2, so that the shape of the tnbe does not obstruet (sterically) the emer=
gence of the bubble. However, since this obstruction is present in ordinary
tips, the bubble does not break away but grows until the snrface of the cut
end of the egpillary cannot retain it (Fipure 2b). Once the excessive prese

sire in the capillary has reached its maximum, the growth of the bubble re-

-
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quires no further evaeuaiion ef the alr in the system and therefore proceeds

I
I
|
I
|

very raridly, The {leatdng bubble bursts and increases the pressure in the
gystem, Thug, untdl meximum preasure ig ebtained, there is no eurrent ef
air through the whele ayatemj it ig, in effeot, gealed bty the liquid in the
capillary, Ag soen &8 the nressure reaches itvs maximum, & certain amount
of alr is sucked threugh 0 and G.

8inee the pressure in the capillary tip ie equal to one atmosphere and
the maximam pressure le deternined only Ly the amount of the vacuwm created
in the test tube, the pressure degends net on the realstance exerted against
the air by the Lmffer capillary, micre=cock, ¢rier and gooseneck but solely
upon the tie constant and the surface tension of the liouid, (fo mewsure O
Por 1iquids which act ehemically on rubber and cork stoppers Trifenev sug-
gested using o test tube with a mereury stopper, Since such a test tube is
equivalent to bebinder's ordinary test tube with a mercury manometer attacned
in parellel to it (and to the menometer M), the use of a mercury seal, re=
gardless of the auantity of the mercury in it, can not alfoet the measured
anount of maximum prossure for forming bubbles, An exverimental check
confirmed our statement).

The amount of air passing through the device in 1 second (the force of
the eir current) depends on bthe rate at which the vacuum iy ereuted, and it
bocomes smaller as the resistance Lo the air everted by parts of the apparatus=-
FK’ HMK’ RO' Ry, and HP grows larger. Here Rp is the resistance to the air
passing through the Fluld in the Febinder test tube itself and mey be sssumed
to be anproximately zero. The non-dependence of the force of the air current
an the properties (chiefly, viscosity) of the liculd may be the criterion
for the equality RP = 0,

when passing through the capillary tip, the air has a greater dynamic
pressure in the narrow part then in the wide part of the tube. The prossure
difference increases as the tube becomes significantly narrower, the narrow

part lenger, and the air current more rapid., Consequently, ab the moment
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of bubble .rewth Lhe pressure at the tip of tie eapillawy is crester than the
atmospierio pressure, At hich veloeitdes, it mey, in spite of a eertain de=
erease of vagoum in tie test tube arter ilie escave of brhe bubble, forn &
gecand bubble, and semetime even several, alter tue first one, (Hotes -e=
ajdes, the passage af buhbleab‘is stimulated by a eueking aclien eaused by
Lie abri L Lewerine of the level in the nzometer after the maximum pressure
has been vesehed), Henee, usin; leng vieces of eapillary as caplllery Uips
{18 not possible, On ke contrary, a Up shane where Lue narrow psrt of the
carillary inmediotely widens oul asgures the passuge of separete bubiles,
since tie total presgure (atmoapherie + dynamie) dirfers little from ene
ntaeg here. A almilar abgervatlon wag mede by delmetz in his experlments

in nrodneing Leam [5_7.

The mindoun reding v correapondin; to the maxlinum pregsure pmax is deter=
mined, as we know, from the relatlon repp . ® 2¢° , hetually, howevor, the
radiug af tre bubbles wideh hove breken away us natning in eommon wlth thily
anontdty o ¢ ds delermdned by the mechanieal, a1 more seenyately Lhe sterie
eorditiong of thelr armetlon

Tt 1o pogslhle to cotimote tne dimensions of o bublle from the chenpe
in the pressure on the syslems AL toe momenl of bubble formation the pres=-
gure in the test tube enuals l-pmnx' sbter the cscepe ol nne bubble of v
volume tae pressure is increased to l-p. If we sssume that the volume of
the system (from the microcock to the capillery tip) is coustant and equal
to V, we shall have (l-pmﬂx)-v + lev = (L=p)*V. hence, specliying that
n__=p = Ap, we shall find thot v = Vs Ap, Ixpressing atmospheres in centl-

Tmax
meters of the toluene colwmn, we shull obtain:

v
n—Ah
v M

where for a temperature of 25°K enusls 1187, or approximately 1200,
The force of the air current may be calculated by the volume of the
bubbles and the number of them liberated in a unit of time (for instance,

1 minute).

T
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Worlding lietned

o yerify exverimentally all the crnsiderations atated above, a metiied
fer ebieetive recording of the presaure wos reauirved, This weuld permit
aneystion at diflerent veloeities of tue air flow ind a graphie eonparison
of the pressure under varied exverimental canditions. For this purpese we
penatructed & phote yavhie mano; 1aph )

The mavn, paph warky on tne following. principle: An dmace of the meniseus
of the fluid In the maremelor 18 orajected by o bean of rarrellel rays irom
a rrojeektion eomp through a norrow aperture anlo phetayrashie paper meving
pegt the anertare, The paper (1% % 12) 1 o specisl paper hielder is fed
by a small warren moter engurin; lincer velocltles ab e arder ol 12 em per
minnte (4n veme cxperiments the veloelty was congldersbly Lreater, reaching
6 em er second), There 1g a knet in the taresd conngeting the molor and
the holder. The mg omcler is eprable of vertlesl mavement, so that at any

-

presgure the nesiseus can be pleced spalnst the apertures L aur ewnerdmenty
we used both the ordinery U=ghaped manometer (in which cese we rhotopraphed
only one unper gurface) and an Le=shaped manometer with one of the elbows
greatly widened. Tn the letter case ve rhotapranhed the elbow part but cal=-
culoted the drop in the level in Lne wide elbow during the rise of the flndd
in the nerrow one, Felore Lho exposure was bopun, the surface levels were
set ot »ero. 'The millimeter pradustions were projected at the same time as
the manometer imape.
(whenthe

A centimeter scale, illunina®e€d aperture 18 opered, can be projected
separately. lipure 3 glves the dlapgram of the electrical system ol the
apparatus.

The apparatus in making determinations operates as follows:

1, By pressing a button twin swincheé}gf the motor and S of the solenold
are c¢losed; then the projection lamp L is {turned on, the core Y is drawn into
the solenold, opening the scale aperture, and the contact switch Zl is opened

80 that the motor remains diseonnected; this condition is mainteined while

the button is pressed} now the centimeter dial is photographed.

-
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2, The button is relessed, the selenoid switeh K is opened, and the
mcb:}w suiteh remaing clesed; the projecter lamp remains lighted, the eore
Y peturns te its eripinal position, clasing Zl and gwltehing en the mater
al ihe same timej the seale avertire 1g cleseds; the driving thread is reeled
up en the mater pulley, drawing the helder past the aperture, and a manogram
record ia rrodiced.

3, The knot eon the driving thresd reachics the contaot switeh Zg and
opers it the moter 1s stopped, tne projection 1amp i discannected; the
gxpounre is finiched.

i, when the butten 18 (ressed the syatem retumma te 1ts eripinal
pagition.

#ipure | shous ene ot nc srints we ottained, The prints are “read"
by & multiple roudin, for each ol the npgliable" maxima oi the manop ram

when olwerved throuch & 510 X lens,
Data from the Experiments

Tndividual “ioves". Tecords of {nedvidual "waves" (on aquickly moving
paper) facilitnte explaining the tyne of the nresaure change during the
formation of a bubble (Fipure 5), After the maximum press.re has been
resehed at A, it is observed to drop, and this is followed by periodie
damping pressure varistions caused by mechwileal oseillations of the level
in the manometer; slter this the pressure glong €D yrows untdl it apain
resches tie maximum. The closeness of CD to a straight line makes it poy=
sible to determine the drep in pressure M for the escape ol one bubble,
as shown in Figure 5.

The fall in pressure--or, in otheragrda, the lowering of the manometer
level==wag, 88 we saw, nroportionsl to the volume ol the bubble. In the
pagsage of double bubt Les A is invariably exactly twice as large as in the

case of ordinary bubbles.
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Tt is very eheracteristie that the velue of Ah (and, gonseauently, the
yolume of the eseanping bublle) does not depend en the surfaee tensien of
tie 1ludid, Thug, at. roon temnerature, A proves 1o Ve identical for pure
weter and foy one percert salutiens af glyerine, and ot methyl, vyl and
{poanyl leoliols.

Fffect of yiteraity . Viseruity, on W€ cantrery, hos 8 congiderable

effect en the 8ize of th (but net en pmax)' The greater the yisensnity, the
rpeater 1s e cbstacle created to the bresking awey of tne bubble and the
crester g e gize at Lie noment af Lresking awey.

ve Look a uerled of ma ogrand with glveerdre ol dlfterent temperatured,
while the sther exnerinental eoanditlons rempined the oame. ~gble 1 gives
Lhe eolevlations mnde Lrom there MONOLIYIAS o (Hote: In oll eulealatlons
tue volume al the sysied v wos token to be furozinalely aquel to 2% nilli-
1ibers)e he will be noted, the dimensions of the buhble decreased with the
temnerature (¢ith the visensity)s

1+ ig noteworthy thob the produet af the volume af the Lubbles Limes
the number of yubbles glven oif in a unit ot time (the velocity of the pas=
sage of air) remains practically constant ab oll Lemnergtures. this proves
ghet the fluid in the Leat tube is not of {tsell & resistance to the passape

ol the air, thus eanfirming our ooindon that By = 0

Table I
yield of Alr subbles

(emnerature in °C o0 1 5% 80

| .
vumber of bubliles in 1 min, n' 2.2 | 172 1145 11,56

A/ (em) 75 245 09 0.0
Volume of bubble v in ml 0,156 % 0,0898 0.0372 0.0292
Diameter of bubble in cm 0.67 0456 012 0438
velooity n ¢ v (m/min)  OA3® Codeh oddl 042

whrop of the level in one of the elbows of the t=shaped manomeber s

- -
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Tn our ovinien, the change in tue velue af Ah can serve as an approxi=
wate methed' far determining of the viscosity of fluids, A theery of the
methed has vet te be developed, but its utility for technelepicel purpoges
18 obvlous,

The |itect of Ay 'esistances. we verified the nen-dependence of the

velue of maximun pressure on the connection hetueen the drier and "geogeneck"
in the falleving menner, A manogram wad taken while the eapillary tip vas

in eeribaet with the atmesphere through a three=way cock, and after several
nynvea" the syatem compesed of the "eeesenaek! and the ealeiun enloride tube
wae switched in by a torn ol lhe coeck (seve ul forms af ditterent sized tubes=-
-straipht and Ue=ghaped=wereo tented nucked to different dersitlea), ‘he

hedipht ol Lhe moxima was comiletely identiesl dn 8ll cases.

‘Table 2
iffect of the ‘esistunee ol Various Parts of the
Apnarstus on the ubblee Size and weporation late.
tio, ol f | | ;'
i‘.:fperimzmp‘ 1 | 2 ;3 N 4 g

/xhl/z 10,7 1047 101 11.6 ~

,mg/z 9,0 8,0 9.3 ; 840

B 9 9.7 111 716

9.1 123 123 17.8 11.)
0,018 0.0u48 | 0.3 0.,0458  0.0LBL
0.0376 . 0,033 | 0,038 0.0292  0.033h i

[ P

i

04380

[

0.2 . 0412 | 076 0,520
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When the pooseneel g vier wers awttelind in, Ah decyeaned (Lhe nlve

af the bmbbles deernanmd ), Tl the vile of Pormalion oft Taldden Inereptied,

ener, bhe wean oo f i s foa onth iwe (neV) dependn very TikLLe

on fhe resicbanee prevbed acaieat the alr by Lo drler inid pocaeneck,  Thik

P oot Deaed by the data of wevein] eapertmenta shoun o Table & The symlaela

Vil Lie snlbeer bl heaciven 1oand 2 veter do the valoes bechore o ot ley

swiberitig =in Jiiae popl driern oo The ”,I«H‘!nl”l‘l‘ls",

P, alr vestolenee adoe el afPeet U iy b epetmipe bl determbr oy

Lige e o anid envape Frequenes ol T bbbber,

aronebere L b Cerortant Uoocabald sl juel whats

Moty el e

il b ing eale v the vhang e L pesaiere ear beore drbered lyoa many rapdt,

T Lo s penent e the Bl b i the it of tnevl i of the Lolnene rano=
s mny beo imdped iy Hie vete Poneetdine ot the Clhold Tovel foroan

D e et i i thee spensie, whieh amonnted fnoone cvperiments e

e 1O e U wnn cenners et HTE fe Beoes ceted St when the presaure in

Pae nasber chegped vithoa Fabe mprres st iog this ety {he manometoey

- conld pod fells the clanp e dn viensste ard o ive acenrate resdingt,

' P oersnd bon of Ahe bubblen ceens with suel freaqueney

o Ut whien

the sfeepnesn of (e pine Ve oamterrar bnoeenal ooroa prodimate ta the

s rarienn of The dreny, the Ledpht of the mnadmn Lecaren detemiinate (aee

e O, o Ane et Y, aith furtler fnereaces in the rate (on the ripht)

fhe frecueney of abllens Sevmation Pevemes arprosbastely canal de e {re= )

cretrey b fe astead cre Tt fenn of dhe fintd Tevel bnoine manometer, and

e eoenetdiatfona tut net Ahe medenl cfermore dn e mynten, wede rey fetered

T e pste v (Lo vt ten Ly Fipure & war taken dn JO peconrdns e abfeet:
water),

Sl Ane manopvan dinel e e vinesl obrervaiiong, wmeken 11 vezalille

1o fudpe fer wnieh peles Vs dnte ave welisbie and e Gimtanpuish the

Nypaldahle" raviva,
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Censeauently, there i6 & 14mit to the rete ef increase in pressure &t
which 1t i atill pegeible te obtain eorrect readinge, ler e U=ghaped mano=
meter b mm in diameter and & teluene column 30 cm i length, the lindtdng
rete at & temvevature of 25¢ may be eonsidered g en per seednd,

The Lffeet of the Veleelty of tie ALy Curyent. Tn the ease of individuel

1ludds, the meximum presuure does not dopend on the veloeity nf the alr cur=
vert for amasller than 1imitdng veleeltles, It ig a diiferent matter in the
case of selntions of partienlarly gurfacc-active substances ond subetences
vith a high viscosity.

The meet epharcoterigtic regult wea produced by & *~ 0.1% soan solution.
fhe left side of Figure 7 shows & manogram teken with o emell opening of tho
miere=cock, the right glde shous it with a full opening (duration of the
whole evposure: LO seconds). 'The maxime in the 1lalter cage were almosl 1 em
grestor than in the former.

From tuegse stutements 1t 1is evident that o manogreph can be advantugeously
used far ebservation of the kinetlcs of foimation of an adsorption laye:
devn to the limit velocitles determined by the data of the manonieter,

The work was cenducted under the direction of iroleusor N. A. Trifonov.
Conclusions

1, fThe investigetion was eenducted with the aid of a photorecording
manometer ("manograph"), which registers the changes of pressure during the
process of forming bubbles under different experimentel conditions.

2, 'The size of a gas bublle breaking away from the capillary tip is not
jdentical with its dimensions according to the cantor=schrodinger formila
for maximum pressure and deperds on the construction propertics of the appar-
gtus and the viscosity of the £luid,

3, The value of maximum pressurc depends not on the resistance exerted
against the air by the diffevent parts of the apparetus, but exclusively on

the constant of the capillary tip and the surface tension of the tluids

- 10 =
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,» There ig 8 ecertaln 1imiting rete of preeaure ghange beyond whieh &
toluene maiometer, due to & certain inertis, gennol aceuralely reglater the
{yue preseure in the syotem

5, The suggaeted manegraphie method cen be applied 1o messuring
ahjectively and accurately and can be generally used in 1aboratery practice
for observing the kineties of preseure variation.

6, Meusuring the drop in presoure after the esoupe of & gad pubble 18

recommended a8 & methed for the approximute determinstion of viscosity.

Leboretory of Fryelcal and Colleidal Chemistry,
Tostov State miverslty imeni Ve Mo Molotov

intered at the pditorial Office, 28 warch 15L7.
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iigura 2, Tllwstrabion of
e bubblae breaking away from the
Tdaure 1o flebinder's apparatins for measuring the a
qurface tongion of fluddsy for explanation, seo text capillary tip when the latter 13
1n differant pogltlona.
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Figure Mo Manogram! obtained by
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Figure 5. Oraph of the pressure vari=
ation during the formation of a hubbles
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Flgure 6, Ffioet of the dnertia of
the manomotrlis flul:d on the value ef the maxlmui prezsurs
for bubbla fermatden
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Fipure 7. Lffect of the veloclity of
the alr current on the value of the maximum pressurs for
bubble formabion
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